Genista species (family Leguminosae) show interesting biological properties. In this paper we describe the biological activity of the essential oils extracted from the aerial parts of G. sessilifolia DC. and G. tinctoria L. against M14 human melanoma cells, testing several biochemical parameters, such as cell vitality, cell membrane integrity and genomic DNA fragmentation. In addition, we report for the first time the study of the composition of the essential oil obtained from G. tinctoria. The most abundant components of the oil were carbonylic compounds such as (E)-β-ionone (9.1%), dihydroactinidiolide (7.3%), nonanal (5.1%) and hexahydrofarnesylacetone (4.3%). The essential oils from aerial parts of both G. sessilifolia and G. tinctoria showed interesting potential anticancer activity, suggesting the presence of active compounds.
a : Retention index on a HP-5MS column; b : Retention index on an Innowax column; c : T = trace, less than 0.05%; d : 1 = retention index identical to bibliography, 2 = identification based on comparison of mass spectra, 3 = retention time identical to authentic compounds. and G. tinctoria are able to prevent UV light and nitric oxide-mediated plasmid DNA damage, and also to attenuate the growth of melanoma cells [10] . Therefore, as a continuation of our investigations on these two species, we describe here the biological activity of the essential oils from the aerial parts of G. sessilifolia and G. tinctoria against M14 human melanoma cells, testing several biochemical parameters, such as cell vitality, cell membrane integrity and genomic DNA fragmentation. In addition, we report for the first time the study of the composition of the essential oil obtained from G. tinctoria.
The composition of the essential oils of G. sessilifolia (Gs) and G. tinctoria (Gt) are listed in Table 1 according to their retention indices on a HP-5MS column. The viscous oils were both pale yellow in color and without a characteristic odor. In total we identified 100 components, 77 for G. sessilifolia (Gs) [13] and 53 for G. tinctoria (Gt). For Gs, as previously showed [13] , fatty acids and their methyl esters (42.9%) with hydrocarbons (alkanes and alkenes C 14 -C 31 , 33.1%)
were the most abundant components of the oil. In the first fraction, hexadecanoic acid (20.2%) and 9,12,15octadecatrienoic acid methyl ester (14.7%) predominated, while nonacosane (8.9%), heptacosane (5.7%) and tricosane (5.3%) were the most abundant hydrocarbons.
As regards Gt, the most abundant components were carbonylic compounds (34.8%), such as (E)-β-ionone (9.1%), dihydroactinidiolide (7.3%), nonanal (5.1%) and hexahydrofarnesylacetone (4.3%), but the oil contained also high amounts of fatty acids and derivatives (13.9%), such as hexadecanoic acid (5.5%) and tetradecanoic acid (4.9%), and hydrocarbons (13.5%). 4-Vinyl guaiacol (6.1%) was also present in high percentages in G. tinctoria oil.
The essential oils of Genista species have only rarely been the object of scientific research; besides C. sessilifolius from southern Italy [13] , only C. scoparius Link. [17] and G. aucheri Boiss. from Turkey [18] have been studied for their volatile compounds.
Malignant melanoma is one of the most aggressive skin cancers and chemotherapeutic agents currently in use are still unsatisfactory [19] . Prevention and early diagnosis are the only effective tools against this tumor, whose incidence and mortality rates have increased greatly during the last decades in fair-skinned populations. Therefore, the search for novel therapeutic approaches is warranted. Since antiproliferative screening models in vitro provide important preliminary data to help select compounds with potential antineoplastic properties for future study, the essential oils from the aerial parts of G. sessilifolia and G. tinctoria were tested in vitro for their potential human tumor cell growth inhibitory effect on M14 human melanoma cells, using the MTT assay, a nonradioactive, fast and economical assay widely used to quantify cell viability and proliferation. MTT is a yellow water-soluble tetrazolium salt. Metabolically active cells are able to convert the dye to waterinsoluble dark blue formazan by reductive cleavage of the tetrazolium ring. The results, summarized in Figure  1 , show that the essential oils from the aerial parts of G. sessilifolia (Gs) and G. tinctoria (Gt), used at non toxic concentrations in normal cells (data not shown), exhibited a comparable inhibitory effect on the human cancer cells examined. These findings encouraged us to explore the mechanisms that may be involved in this effect.
Apoptosis, characterized by morphological changes such as membrane blebbing, cell shrinkage, chromatin condensation and nuclear fragmentation with formation of apoptotic bodies, is a form of programmed cell death that occurs naturally in cells and can be beneficial to cancer therapy, as previously reported [20] . Therefore, to better clarify if cell viability inhibition induced by the treatment with the tested essential oils was of apoptotic or necrotic fashion, the Comet assay was performed; this is a test useful to acquire information about the apoptotic nature of cell death. This test in fact allows us to distinguish apoptotis for normal and necrotic cells based on the DNA fragmentation pattern [21] . The Comet pattern significantly differs between apoptotic and control cultures, as well as between apoptotic and necrotic cultures. Quantification of the Comet data, in our experimental condition, is reported as TDNA and TMOM in Table 2 . The results clearly evidenced DNA damage in cells exposed to the essential oils for 72 hours, but it produced a drastic increase in both TDNA and TMOM at 100-200 μg/mL concentrations. These findings seem to suggest that these natural products induce, in our experimental conditions, apoptotic cell death, because data in the literature indicates that only Comets with high values of TMOM (tail moments) and TD (distance between head and tail of the comet) can be related to apoptosis [22] . Alternatively, in cells exposed to these essential oils at 400 μg/mL concentrations for 72 h, the Comet assay did not evidence the typical Comet-like structures that occur during apoptosis.
Necrosis, considered a passive event in which the cell is irreversibly damaged, results in a disruption of the cytoplasmic membrane and the necrotic cells release cytoplasmic lactate dehydrogenase (LDH) and other cytotoxic substances into the medium. We examined, therefore, the membrane permeability of the treated cells and the existence of LDH in their culture medium. No statistically significant increase in LDH release was observed in M14 cells treated with either of the essential oils at 100-200 μg/mL concentrations (Table  3) . Conversely, a significant increase in LDH was observed at higher concentration (400 μg/mL) ( Table  3) .
Taken together, the results for the chemical composition of the essential oil from aerial parts of G. tinctoria showed that the most abundant components were carbonylic compounds, such as (E)-β-ionone, but the essential oil contained also high amounts of fatty acids. 4-Vinyl guaiacol was also present in high percentages.
In addition, we found, for the first time, an interesting potential anticancer activity of the essential oils from aerial parts of G. sessilifolia and G. tinctoria. These natural products attenuate the growth of human cancer cells, probably triggering an apoptotic process. In fact, the cell death occurred in M14 cells treated with the essential oils of G. sessilifolia (Gs) and G. tinctoria (Gt) at 100 and 200 μg/mL concentrations, by typical apoptosis DNA fragmentation and without the disruption of the plasma membrane, as evaluated by the percentage of the LDH release.
In future, more studies should be conducted to understand better the function of each component of these oils, as well as to understand how different combinations of these compounds might act in a synergistic manner.
Experimental
Plant material: Aerial parts of G. sessilifolia and G. tinctoria were collected at the full flowering stage in April 2007 from plants growing in the Parco Nazionale del Cilento (Salerno, Southern Italy). Voucher specimens (SN 033 and SN 034) were deposited at the Herbarium Neapolitanum (NAP), Faculty of Pharmacy, University of Naples "Federico II".
Isolation of the essential oil:
The fresh samples were cut into small pieces, then subjected to hydrodistillation according to the standard procedure described before [23] .The yields (w/w) were 0.08% for G. sessilifolius and 0.09% for G. tinctoria. The oils were dried over anhydrous sodium sulphate and then stored in sealed vials, at -20°C, ready for the GC and GC-MS analyses.
Gas chromatography: Analytical gas chromatography was carried out on a Perkin-Elmer Sigma 115 gas chromatograph fitted with a HP-5 MS capillary column (30 m x 0.25 mm i.d.; 0.25 μm film thickness). Column temperature was initially kept at 40°C for 5 min, then gradually increased to 250°C at 2°C min -1 , held for 15 min and finally raised to 270°C at 10°C min -1 . Diluted samples (1/100 v/v, in n-pentane) of 1 μL were injected manually at 250°C, and in the splitless mode. Flame ionization detection (FID) was performed at 280°C. Analysis was also conducted using a fused silica HP Innowax polyethylenglycol capillary column (50 m x 0.20 mm i.d.; 0.20 μm film thickness). Helium was the carrier gas (1 mL min -1 ) in both cases.
Gas chromatography-mass spectrometry: GC-MS analysis was performed on an Agilent 6850 Ser. II apparatus, fitted with a fused silica HP-1 capillary column (30 m x 0.25 mm i.d.; 0.33 μm film thickness), coupled to an Agilent Mass Selective Detector MSD 5973; ionization voltage 70 eV; electron multiplier energy 2000 V. Mass spectra were scanned in the range 35-450 amu, scan time 5 scans/s. Gas chromatographic conditions were as reported above; transfer line temperature, 295°C.
Components identification::
Most constituents were identified by gas chromatography by comparison of their
